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Abstract

Radio noise éontinuu_m cmissions obsefved in metric and decamﬂet.ric_ wave
frequencies are, in general, as_sociated with actively varying s'unspot groubs
accompanied by the S-component of microvgave radio emissions, It is knowﬁ ‘
that these continuuﬁa emisgion sources, often called type I storm sources, are
ofteﬁ agsociated wifh type I burst storm activity from metrié to héctometric
wave frequenciea.‘ This storm activity is, thergfore, closely connected with the
development of these continuum emission sourc;es.

It is shown that the S—component emission in microwave frequencies
generally‘precedes by several days before the emission of thése noise continugm
storms of lower fre,quencies.. n order for these storms to de\}elop, the g‘rowth-
of spnépdt groups into complex types is very important m addition to the -increase
of the average m‘zignetic ﬁel& intensity and area of these groups; In particular, the
'types of these groups such as 8y and ¥ .a.re very important on the generartjon of
noise continuum stdrm sources and sharp increase pf the flux of theée continuum
emissions, This fact suggests that sunspot magnetic configuration and its |
variation, both space.and time, are very eifective bn these noise.continuulﬁ
-emis;sions. |

Although we have not kno@ yet the trué_ mechanism of these exﬁis’éions,- it
is very likely that energetic electrons, 10 to 100 Ke_v, accelerated in assoéiation
with the variation of sunspot magnetic fields', are identified as the sources of
" those radio emissions, Furthermore, these electrons are ﬁow cons idéred as

explicable to the emisgion of type II burst storms associated with the noise

.
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continuum storm sources, In explaining these storm's , some plasma processes
must be taken into consideration. f‘t.xrthermore, it should be remarked that thé
storage mechanism of the electrbns mentioned abo;re plays an important role in
explaining the.relati_or.l of the noise continuum emissions and type I burst storma,:
because "on-fringe" tjpe I bufsts are all generated above thésé noise continuum
storm sources. After giving a review on thé theory of thése.; noise contipuum
storm emissions, a model is briefly considered to explain the relation j.ust
mentioned, and a discussion %.s given on therole of energetic electrons on the
emissions of both noise continuum and {ype III burst storms, | it is pointed out that |
i;:nstahﬂities associated with these electrons and their relation to their own |

stabilizing effects are iﬁaportant in interpreting both of these stoxrms.



1., Introduction

Radio noise continuum stoi'ms, sometimes clalled type I noise storms, were .
first observed by Hey in February and March, 1942 (s_ée Hey, 1946; Appleton and
Hey, 1946). In his book on the histo'rical review of the developﬁent of radio
astronomy, he has described the story of his discovery of these continuums (Hey,
1972), During the period mentioned above, a large sunspot group in the northern
hemisphere, accompanying these continuums, was very active and produce;’l solar proton
flares twice, from which Bev—energj particles were ejected on 28 February and
"r" March (see Lange and Forbush, 1942; Forbush, 1946),

Since the end of World War II, the Auétralian group, headed by Bolton,
initiated the ;‘esearch on solar radio eistropomy with galactic radio astronomy.
"B:a‘éed ‘oﬁ the early rescarch resui.ts ; Wild {1951, 1957) proposed.a ciass.ifiication
system oh various aspects and characteristics of soiar radi6 emissions, w.which&
mainly'definés three groups of éharacteristic radio emissions, called the bursts

of spectral types i, I, and 0L The radio- noise contir.luum;s obSBrveci by Hey are
classified as type Iburst storms, although the characteristics of these storms
were sometimes considere& to be different from isolated bursts of tjpe I(see |
Pawsey and Smerd, 1953; Wild, 1957), However, it is very likely that thése

| bursts are produced as a result of superposition of many type Iburst”émislsions,
since the observed characteristics of these bursts are very simil‘ar to those of
type ¥ bursts (e.g., Kumiu, 1965; Zheleznyakov,i 1970),

.Aé well known, these noise continuum storm sources are generally

associated with sunspot groups fully developed as classified to the E and F types
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(Ig'oldcer,. 1960, 1965). The characteristics of these étorms and their relation to-
the passage.of associated active sunspot groups were first lim(estigated by Boischot
(1958) using the observational results from the Nancey interferometer at 169

MHz. His results indicate that thesé sources are uSuaﬁy associated with sunspot
groups well-developed, and that they are ioqated somewhere above or close to
these groups. In this case, it should be noted that, because of their narrow.
emission directivity, the flux intensity from these radio sources is not high

while they are located near the iimb of the solar disk (see Fokker, 1965), .

Recent observations at Culgoora, -Australia, at bofh 80 and 160 MHz show (
that th‘ese noise continuum storms are generally of composites of two oppésitely
polarizeri sources usually located adjacent to each oﬁher (Kai, 1970; wild, 19’70;
Kai and ﬂleridan; 1973). The.polarization. of these soﬁrces wel_l reflects the
~direction of sunspot magne‘.cic fields ambient in these sources. Furthermore, the
obsérvational results suggest that these noise continuum storms are génerated by
‘some mechanism related to plasmé processes since the emission region of these
two frequencies {e.g., Kai énd Sheridan, 1975; Dulk and Nelson, 1973). Although
we have not known yet what mechan‘ism can generate these noise storms, it ‘i
very likely that energetic’ electrons of 10 - ldO Kev a'i'e mainly réépolnsible,for the .
: excitatiﬁn of plasma waves, which is transformed into electromagneti'c‘ waves due
to some non-—liﬁear plasma processes as discussed by Ginzburg and Zheleznyakov
(1958), Takakura (1963), Trakhtengerts (1966) and Tsytovich (1966, 1967). This

{dea has been sophisticated by theoretical works of Melrose (19'70 a, b) and
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Smith (197_0 a, b, 1972, 1973, .in relatidn to their @nsideration on type IH bursts.
It seems that the fermation of energetic electron beams and their instability due-
to the interaction with ambient plasmas plﬁy'a very important role in generaling
noise continuum storlﬁs. Although this formation seems to be closeb.( reléted
to energyzation mechanism of émbient ;zalectrons and the processes of bunching
accelerated electrons; it is certain that this energyzation occurs independently
from solar flare adtivity, as shown by Fokker (1965). However, our recent
results suggest that efficient generation of energetic electrons is closely tied up
with the growth of associated sunspotl groups into complex types such as 7y and

7Y (Sakurai, 1974), This suggests that these electrons afe aceelerated é.s a
result of instabilities assoéiateci with sunépot magnetic configurations.

Thé elﬁission bandwidth of these noise continuum storms was first thouéht

- a8 limited to-very narrow one such-as 10 MHz wide t'e."g. ’ Ku.ndu, '1965).; ‘However,
recént observations show fhat the emission frequencies of these stofms are of_ten
~ extended into deé.alxnetric frequencies .(e.g.. s WMick; 1965) and sometimes farther
ihto hectometric frequencies (e.g., Fainberg and Stone, 1971), althongh th.is.

narrow-band characters seem to be maintained witﬁ respect to each 6bserved
frequency. These observations, therefore, suggest that ene.rgetic electrons are
éjectéd high up into the sélar corona by exciting plasma waves which are determined
by the distribution of the aensity of the electrons ambient in the oufe'r sqla_r corona,
In this case, it seems important to point out that the same.electron'beams are
possiblj responsible for the 'generatioﬁ of such wide;band continuum emissfons from

metric to hectometric wave frequencies (e.g. » Sakurai, 1973).
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In thie paper, a review is given on various proBlerﬁs as discussed above
with _the' aim to summarize the current status on the research for solar radio
continuum emissions from metric to hectometric wave fre_quéncies. In 80 doihg.
the role -of energetic électrons is extengively considered m relation to. the
mechanism of fthese continuum emissions, A theoretical model is briefly considered

to interpret the observational characteristics of these emissions.



2. ‘Properties of Radio Continuum Storms

In order to study ﬂ@ development of these rﬁdio noise c‘ontinuum storms, it
i8 necessary to find out young activé regions which have beéome active in these
storm emissions since they were newly born on ’rh_e visible disk within fifty
degrees east in solar longitude. If not so, ft is ilnpossiblé to study how these
storm sources are developed in association with the growth of active sunsﬁqt
groups and other associated phenomena, Since these sunspot groups are
generally accompanied by flares and oﬂ}ef active phenomena, it is possible to
sfudy the relation of the noise cc_mtinuum storms with these active phenomena. In
ﬁal;ticular,' it is interesting to‘ find out how these storms are related to other
radio phenomena such as the S-component of .microwavel emijssions in their
--~developméntal—_phase; ‘it-“s-eéms-'-th-at-the' S—-compénent ‘eraissions are 'cau'aétivgly
related to the development of these noise s‘wfnri so_urééa (e g , Kai and. Sekiguchi,
1973). | | |

We here pick up the solar radio phenomena observeld rduring' the period from
3 t’o 15 May, 1971 in order to study the relation mentioned above in association
with the development of the active region MacMath No. 11294, This active _

region became active in the emission of noise continu-um storms in metric and
decametric wave frequencies on 6th of May. The activity of this emiséion
sharply increased on 7th of this month, one day after t'he_ beginning of this emission
(see Fig. 1) In Fig. 1, we show the daily ﬂuﬁ values of both métric continuum
(290 MHz) and S~component (2800 MHz) emissions., These data are -obtaiped from

-



the Quarterly Bulletin of Solar Activiw (1971). The result shown in this figure
indicates that the sharp increase of the metric continuum ﬂux is delayed about
a day from that of the S—component flux, It should be remarked that this sharp
increase shown in Flg. 1 is accompanied by the very high actlvuy on type III
bursts in decametric frequencies (Gergely; 1974). Furthermore, it is interesting
to note that tilis sharp increase also seemed to be relé.ted to the growth of the
gunspot group into the 87 type, wﬁich is the one of very complex configuration of
of these groups (Fig. 1). In fact, as shown in Fig. 2, the flux intensity of metric |
continuum storm emissions tends to sharply increase just a;ftér associated sunspot
groups become ﬁle complex configurations like 8 type. In this figure, we show
two cases associated with thé éunspot groups MaéMaﬂm.Nos. 11294 and 12094,
g The latter was.,observed on the solar disk for 18 to 30 of Octoﬁer, 1971, .I’c_s
" developmental pattéx_'n of rg;dié emission activity in both metric and microw;.ve
frequencies is almost the same as that of the region MacMath No. 11284, As
clearly seen m Fig. 2, the sharp increase of metric continuum st.;orm emission
tends tol occur just after an associated sunspot gz;ﬁup becomes the coréﬁguration of
Bytype. It is also clear that, fbr first several days, the acfivity of metric noise
continuum storm is very low aund almost constant, while the acfivity of miérowave
S-component emission ter-lds to increase very sharply (Fig. 2). This fact suggests
that the growth of the sources for the S-co:ﬁponent emissions is very important
fdr the birth of the source of metric noise continuums, |

In order to find out the- statistical relation between the deveiopments of
both metric continuum and microwave. S—compdnent'emissions, it seems

reasonable to study the.time delay from the maximum activity of S~component
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emissions to that of metric noise continuum emissions by taking info account the
daily flux values for both these emissions, These time delays are analjzed for the
period 1969-—1972 and are indicated in Fig, 3. This result shov;fs that the maximum '
fiux intensity of metric continuum emissions is mainly reﬁcl‘ieq‘l within a day after
the S-component emissions attain maximum, 'I’hié suggests that the g'rowth of the
source of S-éomponent emissions is considered as an- important precursor of the
development of metric noise continuum sto.rms. Furthermore, it may be said i:hat
the birth and growth of metric continuum storm sources is closely associated
with these of microwave S~component emissions; ﬁat is, metric continuum sources
do not grow independently from microwave S-component sources, thoﬁgh such
independence was once suggested (see Fokker, 1965).

The reSult shown in Tig. 3, further, suggests that the growth of the.-s‘ources
- for microwave “S-“éomp@neni: emission tends to induce that of metric n_oise continuum
sources. 'This relation was onée.suggested by Kai and Sekiguchi (1973), but our
result shown abpve indicates that the change of sunspot groups.r in£§ cdmplex
types is very imporiant in forming metric noise continuum storm sources,
Gergely (1974) has found that type il burst acti_vity at decamétric_ wave freé_{uencies
associated with metfic noise continuum emissions was highest on 7th of May 1971, -
although this activity ﬁas .observled between 8rd and 13th of this month, This
activity is schematically shown in Fig. 4. During this period, the IMP-6 satellite
was also obéerving solar radio emission's,. and detected many fypeVIII bursts in
hectometric and kilometric wave frequencies. Althougﬁ the data obtained by

this satellite were not good in quality during the p_ér'iod from 7 to 9 of May, we
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may say that the type III burst activity in these low frequencies was delayed by

a few days in coz.nparis'on with this éctivity in décametrie wa\fe_frequencies ( Fig; 4).
This delay may be related to the. further growth of the sunspot group MacMath

No. 11294 during its passage over the solar disk. As éuggested by Kai and
Sekiguchi .(1973), this delay m:';ly be explained by cbnsidering an outward expansion
motion of gunspot magnetic field lines of arch-like configﬁration, since the

field intensity and 5acl;ground plasma density are both decreased with this motion,
In fact, this arch-like coni’iguration extending farther out, was deduced by .Gergely
(1974), This configuration calculated by Trotter et al (1975) was here indiocated

in Fig.' 5. The sources of radio emissions with wide~band frequencies froxp _
microwave fo decametric waves, re'ally' speaking, wefe all confined in this extended
arch-like strﬁcture of .sunspot magnetic fields., The sources for type III bursts,
especially, "on-fringe" tyﬁé III bursts were located gbovg this structl.‘lre‘ (Gergely;
1974). | a

Aé shown m Fig; 2, itis clear that the activity of metrié no‘isé continuum sources

sharply increases when the type c;f associated sm.lspot. groups grows into complex
types as 87y and ¥.. Fokker (1965') analyzed the relation between su.ﬁspot types I
and the activity of these sources and found that the sgnspot groups classified aé

E and F types (the Z{iriéh Classification) are most active on the formation of these
radio sources. In the analysis of the metfric continuum noise storm sources
‘ oBserved in July to August, 1967, which was associated with the éctive region
MacMath No, 8905, Sakurai (1971 a) found that tﬁe development of the storin source

was not related to the flare activily associated with this active region., These
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results, therefore, suggest that the generation of thé energetic electrons

(10 - 100 Kev) responsible for those radio emissions is independent from flare
activity (Skaurai, 1971 a).

The relation of ﬁxe low-frequency continuum storms with energetic electron streams
detected at the earth's orbit waé firgt shown by Sakurai (1973) on the observétions
.-for the period October to November, 1968.. This result suggests that these
electron streams are responsible for the excitation of radio noise continuum
storms from metric to hectometric wave frequencies, Similar observation was
made for thé_ period 10 ~ 26 August, 1968 {Fainberg and S*-tone, 1870, 1971,
Sakurai, 1971 b). The changing patterns of both metric and hectometric continuam
storm emissions were v‘ery éiﬁlilar for these two cases ci;ted above, We examined
the IMP-6 satellite records td find out some evidence on the continuum emissions
-Ia low frequencies during the period from 3to 14 May, Y97 1.- However, \;ve did
not éee any trend on the increase of background continuum storm emi‘s's,ions in
" these frequencieé. Although it seéms thaf the active regions on metric noise
continuum storm emissions tend fo be accompanied by the sources of hectofhetric
continuum storms (Stone and Fainberg, 1973; Fainbérg and Stone, 1974), it seems
natural that these éontinuum storms are. not often observed b;acanse of divergiﬁg
tendency of these sources, which is closely associated with an expansive néture _
of lSunspot magnetic field lﬁes above active regions,
Radio waves emif;ted from the sources of these noise continuum storms are

usually polarized in circular modes. It seems that ti.le modes of pol'arizatibn are
strongly dependent on the distribution of sunsbot magnetic fields identified as these

b} . L]

sources. Using the data obtained by the Culgoora radio heliograph, Kai and
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Sheridan (1973) have proposed a model on the source’struc‘ture of noise continuum -
storm emissions in two discrete wa've frequencies (80 and .160 MHz). According
to them, this structure is very ii’nportant in explairlling the ob;served features on
pelarization, both. L«ﬂ and R~H waves, since these two polariz-ation modes can be
explained by taking into accouﬁt the polarity distribution of sunspot magnetic fields
accompanying these radio sources. Severai years ago, Klai (1970) found that there'_
exist double sources of these noise continuum eﬁiésions above sunspot groups,
which_ are usually oppositely polarized, as .schemat.ically described in Fig. ‘6. '
The resulfcs obtained by Kai and Sheridap (1973) also show that double gources, |
oﬁposifely polarized from each other, were observed. However, one of tl”_xese
source.s is sometimes missing'las found by Dulk and Nelson .(1973).' Their
result indicates that this kind of absence may occur' in accordance with the
‘configuration of associated 7' sunspot magnetic fields.
Fig. 6 schematically shows that energetic electr'ons released f_rom'
noise continuum source regions are mainly transported along magnetic field
lines radially extending outwafd 6f these regions, These electrons seem to be
identified as sources of type III bul's;c storms (Kai, 1870). These burst storms
may be identified as the "on-fringe" bursf storms ag found by Gergely (1874,
for the highest emissioq frequencies of these bursts are expected to be generally
lowef than_tile lowest emissioﬁ frequencies of noise continuum emissiéns. |
- Fainberg and Stone (1970) found that, in August 1968, type III burst storm in
low frequencies was observed in association witﬁ the passapge of the active

région MacMath No. 9597, In this period, the activity of decametric continuum
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emigsions also was very high {Sakurai, 1971 by, It séems that these type 1'11
burst storms were produced by the passage of Kev electron streams in the outer
corona and the envelope of the sun. In fact, these streams were oﬁsél*ved during
20 to 23 in August, 1968 while the active region m'entioned ahove was on the
western hemisphere, though the electron_ﬂuﬁc was not high (Lin, privaté com-
munication, 1970}, As shown in Fig., 6, it éeems that the electron streams
released from the noise storm regions tend to move mainly along thé neutral
sheet which forms zbove the acti-v-e regions (Wild and Weiss, 1964; Sakurai
and Stone, 1971), Siuce it seems unlikely that this sheet is méintained in the
regicm far away from the active region, say more than 20 solar radii froﬁ the
sun, it may be almost imposSible to detect these electrons in any sector
:bouAndary observed at the earth's orbit. In this respect, however, it should be—
' n_oted that these electrons are well controlled by the interplanetary magh'e‘tic
field lines during their propagation {(e.g., Lin, 19705 F.ainberg and Stone, 1974).
At preéent, noise continuum .storm émissions and tyﬁe 1II burst storms
are thought to be generated by energetic electro’né due to their interaction Ya‘.rith
ambient plasmas, In particular, the noise continuu;n stofms are generated by
the electron streams continually emiited from the sun (Sakur.ai, 1971 b, 19';1’3).
A cleﬁr évidence has been shown in f{he period between 20 October and 4 November,
~ 1968; the time variation of Kev electrons fluxgs (>22 and 245 Kev) observed at
the earth's orbit was very similar fo those of the noise continuum storm fluxes
- at metric and hectometric wave frequencies.' A simﬂar evidence, though not

much clear, was foun& in August, 1968 (Sakurai, 1971 b; Stone and Fainberg, 1973).
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These evidences are important in considering theory to explain the emission

mechanism of noise continuum storms of wide-band frequencies,
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3. Relation to Type III Burst Storms

Gergely (1974) has found that type III burst :;tctivity at -:le;cametrlic wave
| frequencies was very high while the active region MacMath No, 11294 was on
transit over the solar disk. This activity indicates that many type III bursts
were consécutively superposed and then may be said to be type III burst storms, The
highest activity of this burst storm agsociated with the active region mentioned
above was observed on 7 May, 1971 when the type of the. associéted sunépot
. group changed to the vy type (see the discussion in last chapter). ‘

-This sort of type III burst activity in hectometric wave frequencies was
first discovered by Fainberg and Stone (1971), based on the aualysfs of the
observational dzij:ﬁ from the RAE-A satellite. We here show one of the results

. -obtained by them in.Fig. 7. A,In this figurf;, the data on metric continuum storm
: emissions at 2.0(.) MHz, obse_rved at Hiraiso, Japan,. is als& éhown. These ‘t\.vo |
fesults in both metric and hectometrié wave frequencies indicate that the

' . changing patte_rns of the rgdio fluxes in the two frequeﬁéigs are very similar to
each other except for sﬁﬂl-scﬂe variations tn time, - Furﬂxermore; lthe results
sho_wn in f‘ig. 7 suggests that the same sourée responsible fo;' metﬂc noise
coptinuum storm emissioné was Ve:A:tended iﬁto the outer corona aroﬁnd 10 to 20
solar radii away from the sun, During the period shown in I‘ig 7, we also
observed cbnttn;xum storms in decametric wave frequencies, 10 - 60 MHz, the
data of which wére obtained at Boulder, Colorado (Malitson, 1969; see also, |

Sakural, 1971 b). These continuum emissions, classified as type I noise continuum
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storm, are explained as a composite of many type III andlty-pe I bursts supe’rpoéed
on type I continuum storms, Since these bursts are .continually emit”cedl, they
seem to be really observed as if continuum storm emissions were generated in
the active region. However, this problem is not finally solved yet, |
The relation between this type of noise continuum storm and fype I bursts

has been investigated. by several authors (;a. g., Malville, 1962; Hanasz, 1966;
Wild and Tl“a.micha', 1664, Gordon,. 1970; Gergely, 1974). The analyzed results
indicate that the starting fréquencies of the emission of {ype IO bursts, which are '
classified as. the "on-fringe" bﬁrsts (Gergely, 1974), is usually lower than the
lowest emission fret.quencies of (Type I) noisé continuum storms. In fact, tilese
"on~fringe' type Ul bursts are generated di]c-e-r.:tljr above associated active sunspot
complexes (see Gergely, 1974j.

- In August, 1968, the noise‘ continuum storm éourc;é ;vas oﬁserved as shown
, in' Fig. 7 and agsociated with low~frequency continuum storm (0. 54 - 2.3 MHz),
IWhich seemed to be located higher up in the solar outer éorona Beyond 10 solar |
radii or. more from the sun (Fainberg and Stone, 1‘9‘.70). This continuum storm
was connected with a noise continuum storm (e.g., type I nojse étorm) inlthe |
frequfency range from metric to decametric wavés as discussed hefe b.et;ore
(see Fig, 7 (b)). In order to interpret t‘rﬁs connection with these noise; continuum
storm soﬁrces widely separated from each other, Sakufai (1971 b) and Stewart
and Labrum (1972) have consider,ed models qf agsociated active reg‘ions and the

configuration of magnetic fields extended out of these active regions. Both of
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them discussed th,e relation between these low-{requency continuum storms and
type I noise sources observed in metric and decmﬁetric wave fr‘equencies.' Stewart
et al (1872) have given a detailed dis_cus.sion on this connection by referring to the
radio data obtained by tﬁe Culgoora radio-heliograph.

Since the time of the CMP of the noise continuum source at hectometric
wave frequenciés was delayed by about one day from that of th.e active region
agsociated with thél noise continuum source at metric wave [requencies (Fainberé
and Stone, 1970), it is concluded that the fonﬁer source was not formed radially
above the lat;cer; source; this fact Buggeéts that the source structﬁre was tilted
eastward with thé elevation of the radio source from fhe solar surface into the
Bdlar outer corona. |

In the case 6f the rédio noise acfivity' in Majr, 1971, the type III burst‘
activity in hectometric wave fr'equencies was obs-erveci by the IMP-_S satellite
(Sskuxrai, 1974). As shown by Gergely (1974), tlﬁs activity in decametric wave

frequencies was observed duriﬁg 4 to 14 of May. The highest activity was found
‘on 7th of this month., but this aétivity in hectometric wave 'frequencies was very
low on this day. In fact, the increase of this activity waé found al few days affer
7th, and reached maximum -ar;und 9 and 10 of May. Such delay may -}Llave b'eén_ :
resuited frorﬁ the expanding motion of the associated active sunspot groups,
although we neeci to gxainine many more events. similar to that which ﬁas been

cited here.'
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4, FEmission Mechanism

.AAs discussed in the last two chapters, Kev-energy elecirons génerated in

- active sunspot groups mué.t be the sources of radio continuum storm emissions for .
wide frequency bands. ’I‘hese.ele.ctrons‘ seem to excite plasma oscillations in the
medium, through which they are passing, It is noted that the frequency of thesg
oscillations is expressed as |

of = wp? + EL g2, | (4-1)

when the oscillations are excited in thermal plasmas, Here, w , wp, K, T and
m are, respectively, the wave and the plasma frequencies, the Boltzmann constant,
the temperature and the mass; bf electron. K is the wave number of plasﬁla
-oscillations. Since these oscillatidns consgist of longitudinal waves only, it turns
out that some nﬁecha.niéin must be foﬁnd on thé transformation from these waves

to transx’erse waves, identified as electromagnetic waves, which are em_itted‘ into
outer space. Althoﬁgh mﬁny theories have been proposed until now to find c'xu-_t

this mechanism, we may say that the fundamental process has first been
discovered by Ginzburg and Zheleznyakov (1958, 1961). This- process takes into
account the scattering 6f those longitudinal waves on the polarization cloudé of
ions; i,e., eleciron densﬁ:y fluctuation, and is described as

Cp+i l——»t+i1, ' (4-2)
where p, t, i and il are, respectively, the longitudinal plasma waves, the transverse

(electromagnétic) waves and the polarization clouds of ions before and after the
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collisioﬁ with the longitudinal waves. In this interacfion, there {s a possibility
for the transverse waves to be amplified a8 faras this interaction continues in ‘
the medium (Smith, 197¢ a, 1973).

We may, furthe'r, congider the emisgion mechan;ZSm of the second harmonic
of transverse waves by taking into account the following intéz;action:

P4p = t@wph | (4-3)

However, this proéess does not seem important in the theory of radio noise
coﬁtinuqm storm emissiong, éxlthougﬁ this process is applied to explain the
second ﬂarmcnic observed in type III radic bursts (e.. g., Kundu, 1965; Smifh,
1970 aj. .

In the processes as desdribed m eq. (4-2), we assume that Key electroﬁ |

streams excite plasma waves ogcillating with wave frequencies given by eq,

_{4-1), .As first pointed.out by .Sturrock (1964), these plasma waves thus generated’

tend fo grﬁw without limit and then produce the two stream iristabiiity in the
parent electron beams. Geﬁerally speak'mg, these beams are, therefore, not
maintained stably while moving in the medium like the sola}* outer corona. In
fact, this instabilify i's very sefioﬁs in the theory of type III radio bufsts (see
Smith, 1970 a, b; Melrosg, 1970 a, b; Papadopoulus et al, 1974). In casé of radio
continuum noise storm e;nissitlms, this instability ma-y be useful to explain ﬁle

| dispersive nature and ofherlch‘aracteristicé of these emissions. Takakura (1963)
first found that the observéd short duration of these emissions could be explained
by taking into this instabilitf asso;:iated with the 'electroﬁ beams, though not

clearly mentioned., 'The cause of this observed short duration seems to be closely
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associated with the instability observed oﬁ the electron béams or bunchés if we .
.r‘efer to the theoretical results by Melrose (1970 a).”

It is well knownjthat radio noise continﬁum storm sources are usually
associated with type I burst activity observed above these sources (see the
discussions in the last chapter). As shown by Malville (1962) and Gergely (1974).

. the starting emission frequencies of type 1II bufsts {e.g., "on-fringe" bursts)

4 are generally lower than the lowest frequencies of associated noise continuum
storm emissions. Since these bursts are mainly observed in the regions where
sunspot magnetic field lines are distributed almost radially in' direction, the configuration
of these field lines may have some effects on the stabilization of electron beams
Areleased from the noise continuum source regions. As shown in Fig. &, these_
ccln_r;tinuum sources are usuallﬁ confined in the sunspot magnetic fields withlm:ch-

- like configuration (Gergely, 1974). The contrést of magnetic field Stmc@res
Between coniinuum storm source regions and thé -regioné in which Y“on-fringe" type -
III bursts are g.enerated,- must be considered in investigating the emission
Ihechanisms of bpth noise continuums and type III bursts.

So far many theories have been proposed to interpret these mechanisms,
but none has cons idered the effect of ambient magnetic fields. on the stability of
electfon beams in the solar atmoéphere above sunspot active regions, because
th;cheoretical difficulty‘ to includé this effect, As considered by Gordon (1970},
the stabilization of electron beams maj be dependentlon plasma parzimeters in |
_ the region where plasma wéves are exclited, But the contrast mentioned above

gseems to give us a clue to find out some mechanism to stabilize the beams under

=20~



the action of ambient éunspot magnetic fields.

" It is known that type. III burst étorms are ﬁsually observed in the regions
above active sunspot groups associated with radio noise continuum storms in
metric c.>r/ and decametric wave frequehcies (see the clliscussion in the last
chapter).ﬁ Furthermore, i£ is now believed that the energetic electrons responsible
for the emissiOn of tjrpe 111 bursts are released from the.regions where radio
" noise storms are generated for these electrons are continually produced_iﬁ active
- gunspot groups. Although we do not know how these eléctions are released from.

noise storm source regions, it.seéms likely that they aré ej.ected out of these
storm source regions as a resuit rof rapid variation of associated sunspot magunetic
field ﬁnes. As shown in Fig, ‘1, type IIl burst activily was sharply increased
when the type of associated sunspot gréup gr_ew. iﬁ_%o the coxﬁﬁleﬁ typ'e classified
a8 B Y This result suggests that both efficiencies of genergtien of eneréetic
electrons and of their release are highly dependent on the grbwtll ol associated
.sunlspot. groups.

The energétic electrons releaéed froni ﬁoise continuum‘ storm ;"egion.s seem
to propagate outward along sunspot magﬁetic field lines radially extending into the
outer solar corona. While propagating, they would excite plasma waveé with
frequencies given by eq. (4-1). As discussed earlier in this chapter, ‘these
waves are transformed into electromagnetic waves which are emitled as type Il
bursts into outer space. Most of energetic electrons, being trapped by sunspot

i .
magnetic field lines with arch-like configuration, are identified as the sources of
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noise continuum storms in metric and decametric wave frequencies. Therefore, -

these gources usually form double source structures, the polarization of which

is opposite from each other (e.g., Kai, 1970; Kai and Sheridan, 1973; wild, 1970)

(see Tig. 6);



5. _Possible Magnetic Configuration of Radio Continuum Sources -

It has been shown in Figs. 5 and 6 that radio continuum noise storm sources
are usually accompanied by magnetically active sunépot regic-ms. Above these
regions, magnetic field lines generally consist of bipolar type configm_ration,
though vefy c;::-mplicated. In fact, the activity in these; continuun} emissions usually
- tends to increase when associated éunspo’c magnetic configurations change into
such types as 8 v and y . This fact suggests that maghetic \configuration above
sunsi)ot groups is very' important in generating the condition‘favorable to the
occurrence of these noise contintum emisgions in the solar corona, although ﬂmis
condition is clearly depéndepig on the efficiency on the generation of energetic
.electrons of Kev energy (e.g., 10 ~ 100 Kev).

: In-order that thé_se eiectrons are well confined in the‘regicn above associated
_ sﬁﬁspc_»t groups must not be opened into ipfinity, but closed sdmewhere-in th_e.
solar corona or envelope. If these field lines were opened, all elecirons ggénerated
iI.l sunspot groups would be soon released mto outer space and ﬂlérefore, no radio
noise continuum storm sources would be formed above suns;}c;t groﬁps. Since
su.ch- closed field lines are able to confine charged particles, though slowly releasing
due to their drift rﬁotion (Benz'and Gold, 1.971; Newkirk, 1973), it may be said that
the magnetic configuratioﬁ associated with noise continuum sources are usually
similar to those shown in Tigs. 5 and 6. ﬁowever, it should be remarked that any
simple conf_iguration of bipolar type sunspot magnetic fields is not useful to explai_n
efficient generation of Kev electrons in sunspot gjrou_ips, becauge this configuratior;

is not appropriate to thé onset of instability effective to electron acceleration, Ag

indicated in Fig. 1; the activity of metric noise continuum emisaion was highly
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intensif?ed immediately after the configuration of the ‘sunsﬁot magnetic fields,

for instance.MacMath No. .11294, changed into the .3-'}’ type. This result suggests

that this type of complex configuration is very efficient to the generation of Kev

electrons, | | |

It may be, however, mentioned that the region wherg Kev electrons are

generated, is not identified as that wherg radio noise continuum emissions are
produced, even if they are both located in the solar coronal region, It seems
that the former is closely connected with observable sunspot groups becauéa
 Kev electrons seem to be generated deep in the solar atmosphere in assoch tlion
with so.me instability of sunspot magnetic fields which are indirectly seen ae the
change of sunspotl magnetic fields into some ;:pmplex types as 8Y énd y‘ . As
shown in Fig. 5, radio continuum sources are generally formed in thé region -

_ where extt_aﬁded sunépot magneﬁc field lines afe closed with an arch-like
configuration. The results obtained by Gergely {19'?4) indicate that aln.mst all
the cases have such magnetic configuratioﬁs as shown in Fig. 5. _Sevefal modeié
proposed thus far also show that the Aconfiguration shown in thig figure is most
plausible to explain the deveiopment of radio noise continuum storm sources (seel
Kz‘ai, 1970; Wilcox, 1968; Sakurai. and Stone, 1971; Sakurai, 1971_a, b; Daignes
et al, 15‘71; Kai and sheridan, 19'};3; Dulk and Nelsdn, 1973; Stewart and Labrum,
1972). However, it must be remarked that thére exist two distinet types of these

radio sources with respect to both the extension pf arch-like magnetilc configurations
intor the solar cofona and the electron density distribution associated with i:hese

confipurations (Gergely, 1974), Highly densed plasma regions extended iﬁto the
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solar corona are usually associated with the largely éxtended arch-like magnetic
config‘u'rations accompanying radio noise continuum storms and vice versa. As
‘indicated by Gergely (1974), in géneral, newly-born active radio continuum soﬁrces '
are, however, accomi)anied by far-extended region.é;.' with ﬁigh background electron -
density concent:ration into the solar corona. This fact suggests that, as suggested
in Chapter 2, “arch-like sunspot magnetic field lines tend to generally extend
outward through thé coronal region after newly bhorn while trapping energetic
| electrons generated beléw. This explanation is consistent with that proposed by
Kai and Sekiguchi (1973). Sakurai (1974) has also considered the possibility as an
important step on the development of radio noise continuum st_orms in metric ‘and

decametric wave frequencies.
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6. Generation and Storage Mechanisms of Energetic Electrons Responsible
for The Storms

It has aiready been menfion_ed that both radio ﬁoise continuum storms and

asgociated type OI radio bufsté are generated by some piasma processes being

excited by the streams of Kev electrons passing through the background plasma medium in the
splar coronal region. At the present moment, we do not l%now any emigs{on mechanism -
' independent from the role of_ these ene'rgetic electrons in the solar corona. 'As shown

by Sakurai (1971 b; 1973), the .continuous streams of Kev electrons from radio
continuum stofm sourées were sometimes observed by means of satellites at the

earth's orbit. In fact, the tirne variation of the electron flux was verj simﬁar
"to that of radio continuum flux in hectometric wave frequencies or higher during
- @ctober -to--«Navember,.-l»QGS. This ‘sqrt—af"ob'e_‘:er-vationvgives us. an .importa_n"t clue

to find out the emission mechanism of these cbntinuum-storms, becéuse these

gtorms are generally accompanied by enhanced activily of type‘ IIT burst storma
(Fainberg and Stone, 1971, 1974). | l

As we have described in Chapter 2, the development of radio continuum

storm sources are usually preceded by that of ﬂ)e sources of mic;fowave S-component
emissions, Since the S—cbmpor;ent emissions are also generated by energetic
electrons (10 ~ 100 Kev), although the emission mechanisms are not the same as

that of radio continuum storms in metric wave frequencies oxr lesg, the generation

of these electrons is, therefore, véry important in explaining steady compaonents

of radio emissions associated with the growih of magnetically active sunspot

regions,
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In order to explain radio noise continuum storms with respect to theif emisaion, -
we, therefore, have to consider the role of these electrons Based on the cdnsideration
of electron beam-plasma interaction in the golar corona. In go doing, we first
consider the acceleration processes of these electrons independent from observable
Bolar‘ flare activity. Thgse processes have been considered by several authors iﬁ
relation to the origin of radio continuum noise storm emissions inl metric and
decmﬁetric wave frequencies (e.g., Takakura, 1963; Folklter, 1965; Tral&tgngerts,
1966; Sakurai, 1967, 1971 b; Gordon, 1.970). It seems fha’c the interactioﬁ of thermal~
tail elg:ctrons with plasma waves generé.teci by some microinsi.:ahility in ambient |

Vplasmas producés energetic electrons (Takakura, 1967; Gordon, 1970), Such

- instability seems to be éontinually produced ip and above sunspot I;égions while

they are rapidly growing and changi.n-g intoa magnetipally compléx conﬁgurétion.

- Although, at present, we do not know yet the real brééésses for elec;tron aqcéleratidn
in active regions, it is very cértam that this acceleration is closely connected with
-microinstability associated with changing sun5pot inagnetié fieldé. |

After acceleration to Kev energy, these electrons begm to rinteract with sunspot-
magnetic fields ambient in the region where the acceleration takes place, | This

' interacﬁion mainly seems to consist of diffusion process due to drifting motion of

" the accelerated electrons, which renders these electrons to disappeaf-,sooner or

later frofn the acceleratibn regions or their neighborhood. Since it seems likely

.”tha't the source regions of radio continuum emissions in metrie and decametric

wave frequencies are located abové or close to the acceleration .regions mentioned

above, it is necessary to consider the storage mechanism of the accelerated

.
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electrons after !hey have moved into the rﬁdio source regions observed,
~ As estimated by Sakurai (1967) and Kane and T’in (1972), these‘ elecirons geem

to be stored in the regions where the intensit& of ambient sunspot magnetic fields

is 10 to 100 gauss and the backg‘;oupd eiectron ‘density‘ is 108 to 109 per cm3.

Because of the intense magnetic fields, it seems difﬁcult for the electrons to

escape 50 soon from both the acceleration and the source regions by means of
diffusion. Hence various processes regarding the energy loss of these electrons '
become important in estimating whether these electrons are fully considered as

the source of noige continuum emissigl:ms' under consideration, One of these processes
may be considered as the mechanism of these continuum emissions. Although we

are unable to estimate the energy logs rate of individual electrons for these en%issions
bgqause of the lack of the'ory, rit may be said that, | as energy loss proce_ss, these
emlissions‘ are one of the mosf important phenomena related to th;a behavic:‘x-' of

these electrons in the solar corona.

Ifuis knowji,l as discussed -in.'last chéptei‘, that me'configuration of sunspot
magnetic fields plays a role on the formatjon of the sourceé of rad.io noise
continuum emissions. "I‘herefore, it séems useful to take into accouﬁt this con-
figuration as an important factor on the efficiency of storage c.)f energetic electrons
lin small regions above active sunspots, In fact, we have known.that, in general,
the configuration of sunspot magnetic fields in the solar corona is similar to
that which is shown in Fig. 5, The arch-like structure 6f the field lines is usually
necessary for energetic electrons to be efficiéntly confined in order ﬁlat they are

the source of radio continuum storm emissions.
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7. Relation Retween Metric and Decametric Noise Stormy Sources and
Microwave S-componcht Emissgions

'\Recently Kai and Sekigubhi (1973)1) proposed an iciea ahout the relation
of metric continunm noise storms often called type I storms, with the S-com-
ponent of microwave radio em‘issions. Their result indicates that these noise
storms are developed as a resull of the growth of the S-component emissions
associated with active sunspot groups. As an example, they showed the time
variation of both noise storms and S-component emissions associated with the
active regioh MacMath No. 11294, which passed through the central meridian
of the solar disk on the late 6 of May 1971, According to Gergéiy (1974)2) , this -
region was quite active on the generation of both decametric type III burst storms
during its passage over the solar disk.

In this paper, we conside~ various activities reported by Kai et al. (1973)1)

and Gergely (1 974)2) by taking‘ into account the properties of this active region
and its relation fo low—frequéncy 'radio burst emissions observed by the IMP-6
' satellite. In so deing, we examine the relation of metric noise continuum storms _
(200 MHz) with the S-component of microwave emissions (2800 lI\.’[HZ). Taking
the resﬁlts analyzed here into consideration, we propose a model ol_n the growth of
radio noise continuum sources in metric and decametric frequencies and its rela£ion

to microwave and other solar active phenomena. -
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In order to study the relation between metric noise continuum stérms and
S-component of Imici’owave emissions, we have selected the radio data recorded
at Hiraiso (200 MHz) and Ottawa (28.0,0 MHz) as representatives for metric and
microwave emissions, respectively. Since the decametric emission activity
‘ qbserved activity at Clark Lake has been analyzed by Gergely (i974)2) in greatér

detail, this paper refers to his results in the discussion on this activity in relation
to the activity in othef wave frequencies, The data obtained by the IMP-6 satellite
are also considered in studing low-fi*eqllency type III burst aétivity. |
The acfive region MaﬁMath No, 11294 z_lppeared at the east limb of the sun
on 1 May 1971, and then passed through the central meridian on the late 6 of May
1971, The CMP of the active region at '163 MHz on 6-7 May has been reported in
the Solar Geophysical Data (1971) 9, As shown in Fig. 1(a), the S-component of
microwave emission at 2800 Miliz hegan to increase on 3 and reached maximum on
9 of May. Al metric wave region (200 MHz), thé radid flux intensity stafted to
abruptly increase on 6 and then reached maximum intens ity on 8 of May. The
decalhetric continuum nai‘se emissions also showed an activity similar to that at
200 MHz (see Gergely, 1974)2). When we consider the sunspot characteristics of
this active region, we find that the sunspot type changed from gp t;)ﬂy types on 6

of this month, (Fig. 1(b)). This spot group is also classified as the E type when

it became the Byconfiguration.



It may be here remarked that the association of rhetric noise continuum emissions

with sunspot groups of E and T types has been well established 4)

. One day later
(7th), type III burst activity in decametric frequencies became most intense above
this region 2). Turthermore, Gergely (1974)2) found that this intense acfivity was
Seen abéve the active region undef discussion and was mainly restricted in the
frequency range below 45 MHz. This activity seems to have been extended intp
the frequency region less than 5 MHz since type III burst activity observed by the
IMP-6 satellite indicates fhat these low frequer;cy burst stérms were associated
with the activity in decametric 1;vave fréquencies. Furthermore, these storms were
observed between T to 10 of this month By means of this satellite, These results

-indicate that thé intensificétion of metric and decametric noise continuum storms

- might have cccurred in .associatio'n with the growth of the éunspot grou.p into the

complex types such as 8y. Furthermore, it should be remarked that the mean field

intensity of this sunspot group also reaéhed maximum on 6 of May, as shown in

Fig. 1(b). “ |

As understood from the fesults shown in Fi‘g. 1, the activation of the 8-component
emissrion began on 3 of May and therefore oc;:urred three ;iays earlier than that of
metric continuum emission {see Kai et al. . 1973)1). This difference between metric
and microwave emissions is clearly seen in Fig. 3 since it turns out that S-component
emissions tend to increase first several days before the beginning of shar.p increase
of metric noise continuum flux, In this figﬁre, wé show the observational results

for two active regions, MacMath Nos. 11294 and 12094. 1t is clear that the tendency

of the variation of radio flux intensity is very similar between these two active
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r.egions. This tendency is usually seen for almost all the cases analyzed though -
slightly different from each other. ‘ | .

It is clear from Figs. 1 and 3 that the maximum flux intensity at 2800 i\{IHz
was reached on 8; one day later after the metric flux intensity reached maximum
on 7. However, in general, thé maximum in metric ﬁoise continuum flux intensity
is reached on the same day or day later when S-component emission reaches max-
imum, as indicated in Fig, 4. A similar result has been obtained by Kai et al,
(1973)1). With the result of Fig. 3,this result strongly suggests that the growth of
S-component emission at microwave frequency is very important to the development
of metric and decametric continuum noise storms., When considering the fa(;t that
the S—compénent activity begins several days earlier then that of metric.continuum
emissions (Fig. 1(a)), we may say that tl-l.e change of sungpot activity as shown
in Fig, 1(b) is very important on the fast growth of metric and decametric noise
continuum si:or,m sources, |

Although causal relationship betweén sunspot activity change and the formation
of these noise storm sources has not been found yet, it seems natural that energetic
electrons reSponsible for these noise continuum emissionsaré very effectively
generated when sunspot groups grow into complex configurations such as 8y type
in magnetic polarity distribution. When we consider that these noise contéinuum
emissions are generated by plasma processes from these electrons, 57 the
relation obtained in this paper would be reasonably explained. In this case, we

- should recoguize that the S-component activity is not much dependent on the metric
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noise continuum emissions, but this activity am;llits growth tend to produce the
sources of metric and decametric noise continuum emissions, Type III burst
stormé would also be produced as a result of the escape of the elect.rons mentioned
above from the top region of metric and decametric noise continuum sourceé.

'This interpretation would also be useful to explain the cause of the highest chserved
frequencies of type I1I bursts associated with continuum noise sources in metric
and decametric frequencies, 2)s 8)"9). The on-fringe type IiI bursts, 2) therefore,
seem fo be generated by those electrons described above,

In Summary, it is concluded that the growth of sﬁnSpot groups into very com-
plex type such as gyis very impor‘ta\nt to the development of metric and decametr ic
~noise continuum storm -geurces associated with-type NI burst gtorm vaétfivity- in low

frequencies.
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: 8, Concluding Remarks

We have considered the development of radio continuum storrﬁ sources in
metric wave frequencies or lesa in reference to the growth of the S-component
sources in microwave frequenci.es. In the discussion on the relation between
these two .ém_ufces just mentioned, we have e:ﬁphasized the important role of
energetic electrons of 10 - 100 Kev on the emissions of these radio waves in
wi&e-frequeﬁcy range, As ‘deseribed in Chapter 4, we do not know yet the
mechanism of radio ,1‘10ise continuum éinissions in metric apd decametric wave

A

frequencies, 'altjzough many theofies have been proposed. In this pa;ﬁer, in order
to explain some obgerved characteristics, we have pointed out the importance of |
 two-stream instability associated with energetic electron streams, althdugh it is.l_‘
knowx'l that the inhibition of this instab-ility is very iplportant to explain the 'emiss;ion
pro;:esses of type 111 radio bursts, Mrthex;inore, it may be said that the ohséf
of this instability is closely cohnectéd with the behavioi' of energetic electrons
in ambienf sunépot magnetic fields; that ié, type I[I'bursts are generﬂly‘prbduced
by electron streams moving along ambient éunSpot magnetic field.lines radia.lljr
extended ln%,o the‘solar corona, Omn .the other hand, the noise continuum storm
emissions under discussion are produced in the sunspot mag'netié fielfis with a
cdnﬁguitation as shown in Fig. 5. This sort of configuratidn seemsd to be very
effective on the onset of the instability assoceiated with :E:lectx"on streams, On this
problem, some further investigation would be *necessary.

We here ;um-marize several important problgms in future Investigation as |
follows: | | |

| o
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1) The relation among radio noise continuum storms (metric or less), the
S-component of microwave emissions and tyﬁe Il buzst stormas,
2)  The emission mechanism of radio noise continuum storm,
3}  The relation of radio noise continuum storms to solar active phenoména
during their growing and decaying phases.
4} The generation mechanism of energet{c electrons in sungpot magnetic fields
actively growing.
5) The role of energetic electrons on the mechanism of the Smc;)mponent
emrissions in microwave freéuencies.

These problems described above ‘seer.n to be important in understana'mg the
naiure of radio noise continuum storm sources in metric or 1ower wave frequencies.
It seems that the satellite observations in hectometric and kilometric wave fre;;uencies
., gf\}e us ‘a"cme‘“to'find"oﬁt what mechanisn ?i‘s."»\-rork'iﬁg'on‘ the 'emiséion of radio waves

~in thése frequencies. Furthemore, these electrons would b_e vei'y qgaful to fir;d

the mechanism of radio noise continuum storms in higher wave frequencies.

oW,
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Caption of Figures

Fig. 1

Fig. 2

Fig. 3

Fig. 4

. Fig. 5

Fig. 6

Intengity-time profiles of metric continuum and microwave S~ component
emissions (200 and 2800 MHz). The variation of sunspot activity is
also shown., Type III burst activity in decametric wave frequencies has

been found by Gergely (1874).

The relation between the growing activities of metric ¢ontinuum and
microwave S-component emissions, The same frequencies have been
considered as in Fig. 1. PBY indicates the date when associated sunspot

groups changed into 8 type.

The time delay of metric continuum storm activity from associpted

microwave S-component cmissions.

Type 11 burst activity in both decametric and hectometric wave

~ frequencies. For comparison, metriec noise continuum activity is

reproduced from Fig. 1.

The configuration of sunspot magnetic field lines associated with

. the active region MacMath No. 11294, A rectangle indica‘ées the area

that metric and decametric noise continuum storms were observed.

A model to explain the location of radio continuum storm sourées,
oppositely polarized and related sunspot magnetic fields controlling

the motion of energetic electron released from these sources. .



Fig. 7 Solar radio continuum activity observed during 10 to 26 August, 1968,
{a) Metric continuum flux variation at 200 MHz, (b) Hectometric.
continuum storm flux variation at 1,65 MHz observed by the RAE-A

gatellite,
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Fig. 8

Fig. 9

Fig. 10

Fig. 11

GI‘OWﬂl of the active region_ MacMat}.l No, 11294 and

associated various radio emissions. (a)' S-component
macrowave emiésion, (2800 MHz), noise contintums (200 MHz)
and type 11I activity in decamétric‘ frequencies are shown, (b)
sunspot type and field intensity change are shown as a function
of day.

Type III burst activity in ‘decametric frequenciés or less
associated with the active region MacMath No. 11294, As a
reference, noise continuum flux change (200 MHz) is also shown,

Relation between metric noise continuum (200 MHz) and S-component

-emission (2800 MHz) fluxes. Numbers indicate the variation of these

fluxes since the enhanced microwave S-component emission is first

observed,

" Filled and open circle show these flux variations associated with the

active regions, MacMath Nos., 11294 and 12094,
Time delay of the maximum activity of metric noise continuum
emissions (260 MHz) from that of microwave S-component emissions

(2800 MHz).
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